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AUXILIARY APPARATUS
The test gear necessary to set up this type of analyzer, to better than one part in four thousand, requires careful design. A Western Electric hydrogen mercury relay used as a sixty-cycle chopper was found to provide the most satisfactory method. The design provides an output pulse of forty volts, generated from a stabilized voltage and very accurate potentiometer, and shaped by resistance capacity networks to simulate the actual shape of pulse to be fed to the analyzer. The switch introduces negligible error provided the current taken by the contacts is of the order of five to ten milliamperes.
The accuracy of the analyzer can be increased by use of a "cut amplifier" which is inserted between the main amplifier and the analyzer. This unit consists of a single discriminator which can be set to any position within the amplitude spectrum, followed by an amplifier of some small gain such as three or four. The amplifier is designed to have good overload characteristics and a maximum output of forty-five volts. By this means a portion of the spectrum is spread over the whole analyzer range and all pulses outside the range are either missed or count in the top-most channel.
"Pulse stretchers" which peak rectify and extend the incoming pulses are used for millimicrosecond work and complete the facilities needed by the nuclear research worker.
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CONCLUSION
The five related papers represent some three years' efforts directed to the realization of a comprehensive counting system for nuclear research.
The authors believe that this work represents the first of its kind, bringing to laboratory instruments the engineering practices necessary for reliability and long life with the full versatility afforded by electronic techniques. It is their personal conviction that the attainment of long-life techniques has implications far wider than the scope of this paper, for reliability is an essential corollary to the acceptance of electronic instrumentation in many fields, civil aviation and industrial process control representing but two examples.
work and enthusiasm of Messrs. E. E. Chapman and C. G. Procter in constructing prototype instruments. The Analyzer design was started by Mr. G. B. Parkinson, who left this laboratory while the instrument was in its early stages. Many of his proposals, however, have come to fruition.
The turntable described in Part IV was built to the design of Dr. A. J. Cipriani.
Mention must also be made of the enthusiastic cooperation and painstaking attention to details paid by Messrs. T. V. Sweeny and D. W. Bond of the Canadian Marconi Company, who were the development contractors for the various instruments VOLUME 22, NUMBER 8 AUGUST, 1951 The Lorentz Factor for the Buerger Precession Method JURG W ASER Department of Chemistry, The Rice Institute, Houston, Texas (Received October 16, 1950) The Lorentz factor for the Buerger precession method is derived. It turns out that the angular velocity of the motion of the reciprocal lattice through the sphere of reflection is not uniform as hitherto accepted.
The Lorentz factor thus depends explicitly on all three cylindrical coordinates ~, r, T of the reciprocal lattice point under consideration and not on only as I; and r. sphere of reflection (of unit radius) being cut by the O-level and the n-level of the reciprocal lattice. In analyzing the effects of the precession motion upon the appearance of the diffraction photograph, I have found it useful to take the reciprocal lattice as the fixed reference frame rather than the sphere of reflection. The sphere of reflection then carries out a precessional motion around the normal 0 0' to the n-Ievel; but since the sphere of reflection is structureless, this precession may be replaced by a simple rotation of the sphere around the line 0 0 '. On closer analysis it is found, however, that for the customary construction of the precession goniometer! the angular velocity w of this rotation is not constant but depends on the actual position in space of the precessing crystallographic axis. Figure 1 shows the geometry of the crystal suspension by the two-axis universal joint of Buerger's instrument. The inclined plane represents the equatorial net plane of the reciprocal lattice. The vectors shown define two cartesian coordinate systems, one (unprimed) fixed in space and one (primed) tied to the precessing crystal. We are interested in the motion of the sphere of reflection relative to the second system, since this motion determines the interval during which each crystal reflection lights up as the surface of the sphere of reflection passes through the corresponding reciprocal lattice point. The equations of motion of the sphere in this system will be derived by first setting up equations describing the crystal motion in the unprimed system and later performing a transformation to the primed system. Let then i, j, k be unit vectors pointing along the x, y, z axes of a cartesian system such that j is in the direction of the incident x-ray beam and k along the vertical axis of the universal joint. Let i', j', k' be unit vectors in a cartesian system x', y', Zl tied to the reciprocal lattice, such that i' is in the direction of the horizontal axis of the universal joint and j' is perpendicular to the reciprocal lattice plane being photographed, enclosing the precession angle Ji with j.
The transformation from one coordinate system to the other is given by the equations, -,.
. . 1 =1 cosa-J sma, j' = i sina cost/+j COSa cost/+ k sint/, k'= -i sina sint/-j cOSa sint/+k cost/, (1) where the angles a and t/ are defined as in Fig. 1 and are related to Ji by the cosine law, cosil= COSa cost/.
(2) To find the dependence of the angles a 'and t/ on the precessional motion we observe that the vector j' encloses the constant angle il with j around which it carries out a precession of constant angular velocity n.
The vector product of j and i' is therefore a vector of length lixj'l =sinil which rotates in the xz plane with the same angular velocity n. It is convenient to choose the time origin and the sense of rotation such that this motion is described by the equation, j'xj= (-i sinnt+k cosnt) sinil.
On the other hand, from (1) it follows that j'xj= -sint/i+sina cost/k.
Combining (3) and (4) results in the desired equations for a and t/: sint/= sinil sinW, sina cos{3= sinJi cosnt, from which further
sina=sinJi cosnt(l-sin 2 Ji sin 2 nt)-!,
COSa= cos,i1(I-sin2il sin 2 nt)-!.
The sphere of reflection (of unit radius) is stationary in the unprimed coordinate system. Its center has the coordina tes, xo=zo=O, Yo=-l.
The equations of motion of this center in the system tied to the reciprocal lattice are found by expressing the coordinates (10) in terms of primed coordinates. The transformation equations (1) yield together with (2)
Xo' = sina, yo' = -Cosa cosp= -cosji,
(11) The meaning of these equations is analyzed most simply by introducing cylindrical reciprocal lattice coordinates ~, g', T defined by
(12)
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By comparison of (12) and (11) and using (5), (8), and (9) the cylindrical coordinates ~o and to of the center of the sphere of reflection are found to obey the conditions, ~o= (xo' +yo'2)!= (sin 2 a+cos 2 a sin2l'l)t= sinji, to= -cosji (13) which describe a circle of radius sinji in the plane t=-cOSji. The coordinate 7' 0 is in the same way found to satisfy the equation, The sphere of reflection thus moves on a circle in the and reciprocal lattice; but 7'0, the angle which its center has covered at time t, is a rather involved function of Qt,
(17) the angle through which the precessing crystallographic axis j' has progressed, and only in the trivial limit ji= 0 are the two angles equal at all times. The angular velocity w of the revolving sphere is given by n cosji w= fo= n cosji[1 +sin 2 7' 0 tan
Figure 2 shows the dependence of TO on Qt and of w on 7' 0 for various values of the precession angle p,. For ji= 30° the deviation of w from its average value n may amount to as much as 15 percent. The sphere attains maximum speed in its motion through the reciprocal lattice whenever the precession axis passes through the yz plane (nt= 71/2, 3'11/2), minimum speed whenever this axis passes through the xy plane (Qt=O, 11') . In the limiting case of ji= 90° the motion becomes discontinuous, the variable 7' 0 jumping from 0 to 11' when Qt=1I'j2 and from 11' to 211' when nt=311'j2, remaining constant in between. Indeed it was an analysis of this limiting case which started the present investigation.
In order to obtain the Lorentz factor it is necessary to find the velocity with which the sphere of reflection passes through a reciprocal lattice point P(~, .\, '1'). the latter two resulting from application of the cosine and the sine theorem on triangle PO'S' in Fig. 3 . The Lorentz factor L is inversely proportional to the radial component Vr of the velocity ~w( TO, p.) with which the sphere of reflection passes through P(~, t, 1').6 Let T and E be defined as in Fig. 4 
the Lorentz factor is obtained, 1 1 1 in which T and 1] may be expressed in terms of more convenient variables by the use of (17) (23) which is identical with the usual form of the Lorentz factor for the Bragg case at oblique incidence, taking into account that p.= !7r-j.I and v= !7r-1l in customary notation. s This is not unexpected, since in a reference system tied to the reciprocal lattice the motion of the sphere of reflection is essentially the same for precession as for ordinary rotation. However, to insure constancy of W a crystal and film suspension having "cyliIidrical symmetry" or a mechanical device involving, e.g., a special cam would be necessary. (17) and (20) . A numerical evaluation of (24) for v= p.= 30° is planned for a subsequent communication.
